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ABSTRACT
The paper described the GOMX-4 mission consisting of two spacecraft GOMX-4A and GOMX-4B. The two 6U
satellites will be launched in September/October timeframe 2017 with the mission to demonstrate key technologies
related to formation flying, specifically station keeping & inter-satellite linking.
Further the mission will include a number of hosted technology payloads including a hyperspectral camera, ADS-B
receiver for air traffic monitoring, star-tracker and radiation measurement board.

INTRODUCTION TO GOMX4 MISSION

The two satellites will launch together on a Chinese
launch vehicle to an SSO orbit. After deployment, a
loose formation will be established with GOMX-4B
trailing GOMX-4A in the orbit plane. ISL experiments
will be performed at different distances to characterize
the link performance.

In September/October 2017, the GOMX-4 mission will
launch with two 6U satellites. The mission goal is to
prove necessary capabilities for future constellations.
The two satellites are designed and build by GomSpace
with the European Space Agency (ESA) and the Danish
Defence Acquisition and Logistics Organization
(DALO) as project R&D sponsors.

Payload evaluations will focus on demonstrating data
capture and future use in the Arctic area - a Danish area
of special interest - and with the unique opportunity to
evaluate payload data from multiple sensor types (radio
and imaging) acquired at the same time.

The satellites will demonstrate station keeping
capabilities based cold-gas propulsion provided by
NanoSpace, and Inter-Satellite Link (ISL) capability in
the S-band developed by GomSpace. These are critical
capabilities required to realize the many current plans
for future nanosatellite based constellations.
GOMX-4A, also named "Ulloriaq", includes payloads
for AIS & ADS-B monitoring, and low-resolution
imaging. This satellite does not include propulsion, but
will be the "target" satellite for station keeping trials.
GOMX-4B, includes hosted payloads from third parties
in the European industry including a hyperspectral
camera for Cosine in the Netherlands, a star-tracker for
ISIS also in the Netherlands and a radiation monitoring
board for ESA. It is also the GOMX-4B satellite that
includes the cold-gas propulsion system provided by
NanoSpace in Sweden.
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Figure 1: GOMX-4 Artist Impression
The two 6U satellites are developed to the PA/QA
standards now imposed by ESA on nanosatellite
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• Launch failure in
2014

• 3U platform
nd
• 2 gen ADS-B receiver
• Software defined radio
• 3MBIT X-band downlink
• Robust ADCS capability

• Launched in 2015
• Reentered in 2016
• All mission objectives
successfully meet
• Payload functions
extended through inorbit upgrades
• On track to launch in
Q3 2017

GOMX-4

The ISL capability is based on GomSpace's modular
Software Defined Radio platform. The main SDR board
perform all the modulation, demodulation and protocol
functions and is connected to three active patch
antennas. Each antenna provides filtering, LNA and PA
functions. One forward and one aft looking antenna is
used for ISL, and the final antenna is Nadir looking for
ground communication. The system allows data-rates
up to 7.5 MBPS, but actual performance is limited to
comply with regulatory provisions.

GOMX-2

The satellite design reuses many products and designs
flight qualified in the 3U GOMX-3 mission, but the
architecture has now been scaled to the 6U class and the
ISL and propulsion capabilities have been added to the
platform.

• 2U platform, new
avionics
• Aerobrake payload
• Quantumn mechanics
payload

GOMX-3

missions. These are derived from the ECSS system, but
tailored for use in innovative missions. The satellites
have been qualified for 20krad TID of radiation and
single-event-upset characterization has been performed
at the board level.

• 2x 6U platforms
• AIS, ADS-B tracking
• Visual & hyperspectral
camera
• Inter satellite linking
• Propulsion for station
keeping

The results of the GOMX-1 mission are reported in 1
and the results of the GOMX-3 mission are reported in
2.
GOMX-4B SPACECRAFT DESCRIPTION

The propulsion capability is based on NanoSpace's
flight proven cold-gas design now up-scaled to the 6U
platform. A cornerstone of NanoSpace's technology is
the MEMS based thrusters that allow extremely
accurate thrust control.

The two spacecraft are similar but the GOMX-4B
satellite is the more complex as it packs more payloads
incl. the propulsion system. This section is based on the
GOMX-4B design.

The paper will provide and in depth overview of the
spacecraft design and focus on the ISL and propulsion
capabilities. Further, the paper will outline the plans for
the demonstration phase of the mission and the results
expected.

The figure below depicts the GOMX-4 system diagram
indicating the system in the configuration and their
integration in the system.

Platform Overview

The paper will focus on the GOMX-4B spacecraft
which is the more advanced model of the two
spacecraft of the mission.
GOMX FLIGHT DEMONSTRATION PROGRAM
The GOMX-4 mission is part of GomSpace’s “GOMX”
flight demonstration program aiming at introducing
new capabilities and acquiring in-orbit experience with
these. The GOMX missions are typically implemented
as a collaboration between GomSpace and project
sponsors. The table below provides an overview
Table 1:

GOMX-1

Mission
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GOMX Mission Overview

Objectives
• 2U platform
• ADS-B payload

Figure 2: System Diagram for GOMX-4B
The main communication bus in the GOMX4
architecture is based on the CAN bus and in this aspect
departing from the earlier GOMX missions (see e.g. 1
& 2) that was based on the I2C bus. The CAN bus
provides higher reliability and data transfer rates.

Status/ results
• Launched in 2013
• Very successful
payload
• Platform still
operation
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Details of the different GomSpace products that make
up the platform can be found on GomSpace homepage,
see 4.

how the dual tanks take up 0.5U height of the platform.

The figure below depicts the external configuration of
the spacecraft.

Figure 5: Configuration of the propulsions system

The system provides around 15 m/s delta-V capability
delivered through 4 x 1mN thrusters based on
NanoSpace’s MEMS thruster technology allowing
extremely accurate thrust control.

Figure 3: External configuration

The star-tracker aperture is clearly visible on the topside together with an ADS-B patch antenna. Two SBand patch antennas are visible on the sides of the
satellite for ISL and ground communication.
The next figure,
configuration.

below,

depicts

the

Inter-Satellite Link
The ISL demonstrator payload is based on GomSpace
Software Defined Radio (SDR) platform product based
on the Xilinx Zynq7000 FPGA, see figure below.

internal

Figure 4: Internal configuration

It is clear that the satellite is fully “crowded” with
subsystems and payloads incl. the relatively bulky
hyperspectral imager looking out the side of the
satellite.
Figure 6: SDR platform

Propulsion

The SDR is connected to an active (integrated LNA &
PA) S-band patch antenna and the SDR implements a
special waveform to allow ISL communication at up to

The propulsion system is provided by NanoSpace and
based on their flight proven 3U cold gas based system
scaled up to the 6U mission. The figure below shows
Alminde
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in theory 6MBPS – in practice bit rates are restricted by
distance and regulatory aspects.

Product and Quality Assurance requirements developed
specifically for IOD CubeSat projects, where higher
risk tolerance and extensive use of COTS components
is commonplace.

Others Hosted Payloads
Further the satellite contains the following technology
demonstration payloads/systems;

The IOD CubeSat tailoring represents the expertise that
ESA brings to the table when working on nanosatellite
missions. It has been refined through a variety of
nanosatellite projects, including GOMX-3. The
refinement aims to be helpful for developers, with the
goal of increasing the robustness, quality and reliability
of CubeSats without excessive overhead. The tailoring
is available to partners when collaborating on ESA
CubeSats. For further information about the IOD
CubeSat ECSS tailoring, please contact the ESA
Directorate of Technical and Quality Management.

A 3rd generation ADS-B receiver provided by
GomSpace, based on a similar SDR platform as the ISL
system.
The HyperScout (see 3 for specifications) hyperspectral
imager by Cosine in the Netherlands.
An experimental
Netherlands.

star-tracker

by

ISIS

in

the

The Chimera radiation measurement board provided by
ESA ESTEC.

This IOD approach as been applied to the GOMX-4B
project.

PROJECT IMPLEMENTATION

AIV

The GOMX-4 A&B projects have largely been
implemented as two separate projects given that two
project sponsors are involved. Details provided focus
on GOMX-4B.

AIV activities were completed by GomSpace in April
to June 2017 with final environmental qualification
performed at ESA ESTEC in June 2017.
The figure below depicts the two GOMX-4 satellites in
the test facilities of ESA.

Schedule
The GOMX-4B project implementation has followed
the schedule as follows:
•

Kick-off: November 2015

•

Preliminary Design Review: May 2016

•

Critical Design Review: January 2017

•

Qualification Acceptance Review: June 2017

QA/PA Standards Applied
The IOD CubeSat Tailoring was created by ESA to
apply an appropriate level of ESA requirements to the
more general CubeSat standard.

Figure 7: AIV at ESA/ESTEC

The full ECSS standard is out of scope for low-cost
CubeSat missions; the CubeSat IOD standard is tailored
to apply a subset of the full requirements. Thus, each
ECSS Engineering standard is classified as
“applicable”, “guideline”, or “not applicable”. Within
standards classified as applicable, there is a line-by-line
tailoring of each requirement’s applicability to IOD
CubeSat projects. In excluding standards (or specific
requirements within a standard), a higher level of risk is
accepted for these small missions. The tailored ECSS
Engineering standards are supplemented by “light”
Alminde

LAUNCH
The
satellites
will
be
launched
in
the
September/October timeframe of 2017 with a Long
March 3B launch vehicle from China contracted
through China Great Wall Cooperation and will place
the satellite in a solar synchronous orbit.
The two satellites are integrated together in a 12U
deployer procured from Astrofein, i.e. the satellites will
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be deployed in the same direction with a small timedelay between.

telecommunication applications these capabilities are
very important and much will be learned from the
actual operations of these spacecraft.

PLANNED OPERATIONS
Acknowledgements

The satellites will be operated by GomSpace from a
ground station in Aalborg in Denmark.

We wish to acknowledge the project sponsors ESA and
DALO, as well as our partners providing hosted
payloads for the mission incl. ESA, ISIS, Cosine and
NanoSpace.

Operations will focus on the following priorities:
•

LEOP operations, i.e. comms acquisition and
detumbling

•

Stabilizing relative positions using cold gas
propulsion

•

Full commissioning of platform elements

•

Characterization of ISL link at different
distances using the propulsion capability to
manage station keeping

•
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Commissioning / in-orbit check-out of all
hosted payloads

We expect these activities to be completed within 3
months from launch whereafter the extended mission
will focus on opportunities to make meaningful
demonstrations with the various payloads, incl. e.g.
ADS-B data capture – see image for example GOMX-3
flight ADS-B results (2).

CONCLUSIONS & PERSPECTIVE
The GOMX-4 mission is a complex mission that will
significantly advance the state of the art when it comes
to the necessary capabilities to consider operations
constellations.
With the development in the Cubesat market towards
more
operational
constellations
for
e.g.
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